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CEMENTATION OF IRON AND STEEL

pieces should possess maximum tenacity, it is well to use as raw materials soft
nickel steels instead of the ordinary carbon steels, since even after carefully
executing the thermal treatment most effective in "regenerating" the soft
metal of the nucleus, it is difficult to obtain fully satisfactory results with
plain carbon steels. The soft nickel steels most frequently used for this
purpose are those containing 2 to 3% of nickel, which are cemented
under practically the same conditions and according to the same rules as
carbon steels, and in which the increase in brittleness due to the prolonged
heating in cementation is much less marked than for carbon steels. More-
over, for these special steels the "regeneration" of the metal of the nucleus,
by means of thermal treatment carried out after the cementation, is con-
siderably more effective and easy. In some cases steels with 5% of
nickel are also used; quite rarely steels of higher nickel content. For steels
containing more than 4.5-5% of nickel, the phenomena of negative
hardening begin to manifest themselves, especially when the carbon content
of the cemented zones is rather high.

The use of complex steels different from those just mentioned is limited to
special cases, of which we will give an account later.

A large number and variety of " cements " have been adopted in the prac-
tice of these processes. The results of recent investigations have confirmed
the opinion of the earlier experimenters that the addition of foreign substances
to the carbon used as cement serves to increase its efficacy, making the process
of cementation more rapid.

But the most precise, and therefore most reliable, experiments show that
only some classes of substances, acting on iron together with carbon, exercise
on the metal an intense carburizing action, and among these substances the
only one capable of acting under well-defined and exactly controllable
conditions is carbon monoxide. It is not possible to adduce any well-
founded reason for the use of the bizarre and complicated mixtures which
many technologists employ at the present time, considering them as pos-
sessed of marvelous efficacy and jealously guarding the secret of their
composition.

Some of these curious mixtures are still recommended to-day in serious
treatises, and protected by costly patents. In the present chapter we will
deal only with processes based on the use of rational cements, whose mode
of action has been widely studied and controlled in practice, such that their
use permits of obtaining, when working under well-defined conditions, much
more definite and sure results.

Since the technique of the processes of cementation varies greatly, espe-
cially with variations in the state of aggregation of the cement, I have con-
sidered it well to subdivide the material of this chapter, collecting in the in-
dividual parts whatever concerns the technical applications of the cements
used in a definite state of aggregation.